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FCEE Study on all-optical wavelength converter based on nonlinear electro-
absorption directional coupler
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Recently, the demand of the enormous amount of data transmission is increasing
rapidly, the optical fiber telecommunication is thus very important. Because the fiber
construction of the optical fiber costs very large investment and, in fact, the utilization of the
fiber cable has not reach the limit of the fiber, many engineers and researchers are trying to
develop the optical fiber systems. The goal of this development is to complete transmission of
the large data with various formats, source and destinations, within the shortest time. This
leads to the meaning of the term of “speed”. In fact, there are two meanings of this term;
transmission speed and switching speed. Two meanings are very different. There is no doubt
that the optical transmission is fastest because the transmission is at the speed of light.
However, switching speed is another issue. The telecommunication system today relies on the
electrical switches, which operate too slowly. The capability of the electronic switches to
process data cannot be compared with the capability of the optical fiber to transmit the data.
Therefore, the bottleneck of the optical communication system is the switch.

It is well known that all-optical switch can operate very fast. It gets rid of the
necessity of electron interaction/transmission and controls light by another light directly.
However, light cannot interact the other light by itself. Thus, the electron is still crucial. The
all-optical switch, therefore, requires the compromising and optimizing between the sufficient
amount of electron and the operating speed of switches.

Electro-absorption effect is one among many to build up nonlinearity for materials
that require few electrons to operate. This requirement yields the big chance for engineers to
invent the high-speed switch. However, the drawback of EA is that it destroys photons, not
only the pump light but also the probe light. Therefore, we have to deal with this problem
instead.

This research is proposed with the idea that, by using DC structure, if we can manage
the coupling-uncoupling effect, we can  possibly configure so that the probe lights will travel
with low absorption. To achieve this scheme, the basic structure of the DC-EA device will
compose of two waveguides; passive (or amplifying) waveguide and EA waveguide. Because
DC will switch by using its refractive index, for the all-optical function, the pump light has to
be able to change the refractive index of the EA waveguide very much but generate only few
electrons. Therefore, the high nonlinearity material is very essential for DC-EA devices.

Because this research has just been proposed for the first time, the purpose of this
research is thus to examine the possibility of the coupling-uncoupling effect in the device. The
research also studies the fabrication feasibility and the basic characteristics that can predict
the performances of the devices for the further improvement in the future. First, it begins with
the proposal of many DC structures. The primary consideration is then introduced for the
simulations and analysis. The simplest device structure is chosen so that the complexity of the
fabrication process would not obstruct, or make the other effect to the study. Then, the device
is fabricated and measured; mainly to examine the existence of the coupling-uncoupling effect
induced by EA.

Finally, even we can prove the expected phenomena, but the device, based on
InGaAsP MQW structure and ridge waveguide, is still not practical. It still needs more
improvement, especially in the optical power requirement. By the theoretical study, we now
know how to improve the device for the practical high performance all-optical swiches. The
simulations indicate that the higher degree of exciton effect, the lower the threshold power.
Also, the higher the carrier escape lifetime, the lower the threshold power.



